[1] Two-dimensional inversions of lithospheric-probing magnetotelluric (MT) data at a total of 20 sites acquired along an approximately east-west 300-km-long profile across the Wopmay orogen in the Northwest Territories, Canada, provide electrical resistivity models of the boundary between the Archean Slave craton and the adjacent Proterozoic Bear Province. An analysis of distortion effects and structural dimensionality indicates that the MT responses are primarily one-dimensional or only weakly two-dimensional with a depth-independent geoelectric strike angle of N32°E, consistent with regional structural geology. The regional-scale model, generated from the longer period responses from all of the sites along the profile, reveals significant lateral variations in the lithospheric mantle. Resistive cratonic roots are imaged to depths of $200 km beneath both the Slave craton and the Hottah terrane of the Bear Province. These are separated by a less resistive region beneath the Great Bear magmatic zone, which is speculatively interpreted as a consequence of a decrease in the grain size of olivine in the Wopmay mantle, caused by localized shearing, compared to its neighboring cratonic roots. Focused two-dimensional models, from higher frequency responses at sites on specific sections of the profile, reveal the resistivity structure at crustal depths beneath the region. These suggest that the root of the Slave craton crosses beneath the Wopmay orogen, and that the Wopmay fault zone does not penetrate into the lower crust. A comparison of these results with those obtained during the Lithoprobe project farther south shows striking along strike variations in the conductivity structure associated with the Wopmay orogen.
Introduction
[2] The Slave craton, in the Northwest Territories of Canada, has experienced in excess of 2.5 billion years of tectonic evolution and provides a unique environment for studying the processes of early Earth development [e.g., Bleeker, 2002 Bleeker, , 2003 Davis et al., 2003] . Its western boundary provides abundant evident of the accretionary history of the Proterozoic collisional Wopmay orogen that coalesced the Slave craton with the Hottah, Fort Simpson and Nahanni Terranes of the Bear Province (Figure 1 ). There have been numerous geophysical studies of the Wopmay orogen along its southern boundary as part of the Lithoprobe programme of activities along the SNORCLE transect, but there is no information about the deep lithospheric structure of the orogen along its central part.
[3] In the summer of 2004 magnetotelluric (MT) data were collected along a 300-km-long profile that runs approximately east -west from the western edge of the Archean Slave craton, across the Proterozoic Wopmay orogen, and onto the Phanerozoic platform covering the Proterozoic Bear Province (Figures 1 and 2 ). The Bear Province comprises four main structural elements (see Figure 1 ) and extends westward to the MacKenzie Mountains. The main objective of this Slave-to-Bear (S2B) MT study was to define the geoelectric structure, at lithospheric scale, of the Wopmay orogen and the boundary between the Slave craton to the east and the Hottah Terrane to the west. This project was designed to enhance and complement existing geological information and geophysical surveys including MT, seismic reflection, seismic refraction and aeromagnetic data [Camfield et al., 1989; Cook et al., 1998 Cook et al., , 1999 Jones et al., 2003; Lawrence et al., 2003; Fernández-Viejo and Clowes, 2003; Clowes et al., 2005; Cook and Erdmer, 2005; Wu et al., 2005] . The MT data collected along this profile provide information on the crustal structure and mantle properties beneath the region, with the view to constraining the tectonic evolution of the area.
[4] By revealing the electrical resistivity structure of the subsurface, the MT method has proven to be a useful tool in unraveling the complex structure and tectonic history of other Precambrian collisional orogens, such as the TransHudson orogen and the Snowbird tectonic zone [Jones and Craven, 1990; Jones et al., 2002 Jones et al., , 2005 Evans et al., 2005] . The most commonly proposed causes for enhanced conductivity (reduced resistivity) in the crust include graphite or thin carbon films, fluids (derived from either metamorphic brine or partial melting), sulfides, interconnected metallic minerals, or a combination of these [Haak and Hutton, 1986; Jones, 1992; Duba et al., 1994] . The MT method can identify the presence or absence of conductive anomalies in the mantle, as well as define the thickness of the lithosphere [Jones, 1999] , but the causes for conductivity variations in the lithospheric mantle are still under debate (see below), although clearly for Paleoproterozoic orogens one can exclude saline fluids with confidence given residence-time arguments. Armed with the geometry of the conductive structures revealed and likely candidates for enhancing conductivity, one can provide important information on the tectonic evolution of the region.
Geological Setting and Geophysical Background

Geology and Tectonics
[5] The Slave Province is a small craton in northwestern Canada that contains the oldest rocks in the world and forms part of the Precambrian continental core of North America. Its cratonic assembly was complete by ca. 2.55 Ga [Bleeker, 2002; Davis et al., 2003] , subsequent to which Proterozoic terranes were accreted to its margins [Hildebrand and Bowring, 1987] . The Slave craton was built upon two basement components; a western and central Mesoarchean (4.0 -2.9 Ga) basement, that is referred to as the Central Slave Basement Complex [Bleeker et al., 1999a [Bleeker et al., , 1999b , and an eastern, younger (<2.85 Ga), undefined (island-arc?) basement [Thorpe et al., 1992; Davis and Hegner, 1992; Davis et al., 1996] . Deposition of a thin cover sequence on the Central Slave Basement Complex was followed by extensive tholeiitic volcanism, widespread calc-alkaline volcanism and finally the deposition of thick turbidite sequences [Ootes and Pierce, 2005; Jackson, 2006] . The basement complexes and supracrustal sequences were invaded by Neoarchean intrusions. The most eastern point of the MT profile discussed herein lies within the western part of the Central Slave Basement Complex and traverses westward, through an area of potential juvenile crust that lacks evidence of basement [Davis and Bleeker, 1999; Bleeker et al., 1999a Bleeker et al., , 1999b Bennett et al., 2005] , and off the exposed Slave craton onto rocks of the Wopmay orogen. Hanmer, 1988] and EM surveys. Cam, location of the GDS survey by Camfield et al. [1989] ; S2B, Slave-to-Bear MT profile discussed herein; Lith, Lithoprobe profiles along Corridors 1 and 1A discussed by Wu et al. [2002 Wu et al. [ , 2005 . The SE -NW broken line marks the eastern margin of the Phanerozoic sedimentary cover. Tectonic units: BF, Bathurst fault zone; BH, Buffalo Head terrane; FS, Fort Simpson terrane; GB, Great Bear magmatic arc; GSLsz, Great Slave Lake shear zone; Ho, Hottah terrane; MF, McDonald fault system; Na, Nahanni terrane; SC, Slave craton; Ta, Talston magmatic zone; Th, Thelon magmatic zone. Geographic features: GBL, Great Bear Lake; GSL, Great Slave Lake. Electrical features: KC, Kiskatinaw Conductor; NWC, Northern Wopmay Conductor.
[6] The Paleoproterozoic, north-trending Wopmay orogen of the Bear Province developed as the west margin of the Slave craton rifted and subsequently collided with a cryptic microcontinent -the Hottah terrane -during eastward directed subduction [Bowring and Grotzinger, 1992] . The orogen can be subdivided from east to west into the following major tectonic elements; the continental margin sedimentary prism, the Wopmay fault zone, the Great Bear magmatic zone, and the Hottah terrane (Figures 1 and 2) .
[7] The passive margin sequence along the western Slave craton developed between ca. 1970 and 1890 Ma on rocks of the Slave craton [Hoffman and Bowring, 1984] . More westerly strata were invaded by a diverse suite of plutons and were thrust eastward toward the craton and, in northern parts of the orogen, an extensive fold and thrust belt is preserved.
[8] The Great Bear magmatic zone, the youngest tectonic element in the Wopmay orogen, comprises volcano-sedimentary sequences and plutonic rocks with calc-alkaline affinity that record arc magmatism from ca. 1875 Ma to 1840 Ma. Rocks of the magmatic zone were deposited on and intruded into the Hottah terrane and the Slave craton [Hildebrand and Bowring, 1987, Figures 1 and 2] . At the Slave craton's southern boundary, along Lithoprobe's SNORCLE transect Corridor 1 (Figure 1) , Cook et al. [1998] interpret the magmatic zone to result from eastward subduction (in present day coordinates) of oceanic lithosphere beneath the western edge of the Hottah terrane.
Interpretations of seismic reflection results show the magmatic arc to form a thin basin (3.0 -4.5 km thick) overlying the transition between the Hottah terrane and the Slave craton [Cook et al., 1998 ].
[9] The poorly understood Hottah terrane forms the westernmost tectonic element of Wopmay orogen and consists of the Hottah arc, a suite of ca. 1936 Ma to 1890 Ma plutons [Bowring, 1985] that intruded an ill-defined, variably metamorphosed sequence of sedimentary and volcanic rocks. The Hottah arc is interpreted to have evolved upon an isotopically defined 2.0-2.4 Ga crust [Housh et al., 1989] , for which there is no known bedrock exposure. Hildebrand and Bowring [1987] and Bowring and Podosek [1989] interpret the Hottah terrane to extend eastward beneath much of the Great Bear magmatic zone ( Figure 3) . As a result of collapse of the ocean basin off the western Slave craton, and possibly the initiation of westward-directed subduction beneath the Hottah terrane, some of the Hottah rocks and the Coronation Supergroup rocks were thrust toward the western edge of the Slave craton forming an intracrustal cratonic wedge (Figure 3 ) [Bowring and Grotzinger, 1992; Cook et al., 1999] .
[10] The north-striking Wopmay fault zone is a prominent linear feature that dissects the Wopmay orogen. It has been interpreted as the surface expression of a suture between the Hottah terrane to the west and the Slave craton to the east [Bowring and Podosek, 1989] . No exposures of Archean rocks have been mapped west of the Wopmay fault zone [ Hildebrand et al., 1990; Jackson, 2006] . In addition, isotopic studies in the northern parts of Wopmay orogen concluded that there is no evidence of Archean crust west of the fault zone [Bowring and Podosek, 1989; Housh et al., 1989] . The western extent of the lithosphere of the Slave craton is still under debate, and is one of the over-arching targets of the present study.
[11] The extreme western part of the MT profile crosses from the Canadian Shield into the flat lying to gently westdipping Paleozoic rocks of the Interior Platform. These strata, possibly Ordovician in age [Fraser, 1967] , blanket rocks of the Great Bear magmatic zone and the Hottah terrane. Using aeromagnetic maps the western limit of the Proterozoic rocks of Wopmay orogen beneath this cover can been interpreted to extend over 200 km to the west of the Paleozoic-Proterozoic contact [Lawrence et al., 2003] .
Geophysical Results and Previous MT Surveys
[12] The Geomagnetic Depth Sounding (GDS) data from a late-1970s survey by Camfield et al. [1989] (profile Cam on Figure 1 ) were dominated by a conductive feature, named the Northern Wopmay Conductor (NWC) and modeled as an upper crustal 50-km-wide body of thickness 1.5 km and resistivity 20 ohm m, that correlates spatially with graphitic pelites of the Odjick Formation, a slope-rise facies. Boerner et al. [1996] suggested that the conductor resulted from foredeep facies rocks, specifically euxinic shales of the Fontano Formation.
[13] As part of the Lithoprobe project, several MT surveys have taken place within the Slave craton and have revealed a number of important features. A low-resistivity zone, the Central Slave mantle conductor, underlies the central part of the Slave craton and is co-located with the diamondiferous Eocene-aged kimberlites and a shallow ultra-depleted lithospheric layer . It was also shown that the base of the electrical lithosphere is deeper, at 260 km, beneath the southern third of the Slave craton compared to the central third that has a thickness of around 200 km . These electrically defined lithospheric thicknesses for the southern and central Slave craton are consistent with petrologically defined ones from Pearson et al. [1999] for the central Slave and Kopylova and Caro [2004] for the southern Slave craton. Finally, beneath the Central Slave Basement Complex, in the southwest corner of the Slave craton, there is an anomalously resistive crust and upper mantle, limiting the extent of the Central Slave mantle conductor .
[14] On the basis of the position of the Central Slave mantle conductor, as well as current geophysical, geological and geochemical information, it has been suggested that the lithospheric mantle beneath the Slave craton was formed by subcreting Mesoarchean lithosphere from the southeast [Davis et al., 2003 ]. This tectonic model is supported by the teleseismic studies that indicate layering at lithospheric depths, as well as the seismic reflection results interpreted as evidence of subcretion of Paleoproterozoic lithosphere beneath the western Slave craton [Cook et al., 1999; Snyder et al., 2003] . Snyder [2008] recently modified the model of Davis et al. [2003] and suggested that northwest subduction from the southeast was followed by southeast subduction from the northwest, primarily based on the ages of granites.
[15] Also as part of the Lithoprobe project, magnetotelluric data were collected across the Wopmay orogen along a profile extending from the southwestern margin of the Slave craton [Wu et al., 2005] . The geoelectric strike direction in the crust was determined to be N34°E, and was interpreted to be controlled by transcurrent faulting throughout the region. Two-dimensional modeling of these data indicate resistivity variations associated with the Wopmay orogen, including a prominent conductive zone (<100 ohm m) at the western edge of the Hottah terrane, as well as a region of enhanced conductivity (<10 ohm m) at mantle depths (60 -80 km) beneath the Hottah terrane and Great Bear magmatic arc. Wu et al. [2005] interpreted this mantle conductive zone to be caused by the presence of interconnected graphite or sulfides that were introduced during subduction prior to the collision between the Hottah terrane and the Slave craton.
[16] Seismic reflection data suggest that lower crustal Hottah rocks were emplaced in the mantle during subduction [Cook et al., 1998 ]. Cook et al. [1999] show mantle reflections located at depths of about 82 km near the transition between the Hottah terrane and the Slave craton, and interpret these reflections as either a flat subduction zone or a preserved mantle fault. The presence of a lowvelocity, upper mantle region beneath the western Hottah terrane is interpreted to be caused by serpentinization of mantle peridotite by water derived from a subducting slab [Fernández-Viejo and Clowes, 2003] . 
MT Theory and Data Analysis
[17] The magnetotelluric method (MT) is a geophysical exploration technique that provides information on the three-dimensional electrical conductivity of the subsurface of the Earth by measuring and relating the natural timevarying horizontal electric (E) and magnetic (H) fields at its surface [Cagniard, 1953; Wait, 1962; Jones, 1992] . The measurement of these mutually perpendicular electric and magnetic fields allows us to calculate magnitudes (scaled as apparent resistivities) and phase lags at various frequencies, known as MT response curves, for each MT site recorded. Since the depth of penetration (or skin depth) of these fields is dependent on frequency (the lower the frequency, the greater the depth) and the conductivity of the material (the lower the conductivity, the greater the depth), estimates of depth can be made from the response curves beneath each site [Jones, 1983] .
[18] In a two-dimensional Earth, where the conductivity varies laterally along a profile and with depth, the apparent resistivities and phases are different along strike (parallel to geoelectric strike) than in the perpendicular direction, and both modes need to be calculated [d 'Erceville and Kunetz, 1962; Rankin, 1962] . The transverse-electric (TE) mode refers to the direction parallel to geo-electric strike, and the transverse-magnetic (TM) mode perpendicular to strike. When the Earth is one-dimensional, i.e., layered, these two modes show exactly the same phases (apart from a 180°phase difference) and apparent resistivities. Where the Earth is two-dimensional, some form of directionality analysis needs to be undertaken to determine the preferred geoelectric strike direction consistent with the data. The most powerful approach is that of Groom and Bailey [1989] , which determines the strike direction statistically as well as mathematically describing the effects of galvanic distortions and three-dimensionality. The results of decomposition analyses provide the TE and TM mode response curves that most accurately represent the two-dimensional regional structure beneath a profile, and present a statistical understanding of the error, distortion and dimensionality in the data.
Data Acquisition
[19] The magnetotelluric profile consists of twenty broadband (BBMT) MT sites and six long-period (LMT) MT sites merged with every fourth BBMT site. These sites were installed at approximately 20 km intervals next to lakes that were large and deep enough for deployment by float plane (Figure 2 ) for access reasons. Unfortunately we obtained no usable data from Site 016 because of local fauna (bears) repeatedly damaging the installation. Each MT site comprised five Pb-PbCl (lead-lead-chloride) electrodes laid out in a cross, which measure the electric field of the Earth, a 3-component magnetometer (LMT) or 2 separate magnetometer coils (BBMT), to measure the magnetic field of the Earth, and a recording box. Solar panels and 12V, 85 Ahr batteries were used to power the recording units for the required length of acquisition time.
[20] The BBMT sites used MTU-5A recording boxes and MTC-50 induction coils owned by the Geological Survey of Canada and built by Phoenix Geophysics, and recorded data in the period range of 0.004 to 1000 s for two days. Each of these BBMT sites measured the two horizontal, perpendicular magnetic field components (Hx and Hy). The vertical magnetic field component (Hz) was not recorded because of the logistical problems of installing the vertical coil in frozen ground, extensive throughout the region.
[21] The long-period sites, numbers 001, 005, 009, 013, 017, and 021, used LiMS recording instruments designed and owned by the Geological Survey of Canada [Anderson et al., 1988] and 3-component ring-core fluxgate magnetometers [Narod and Bennest, 1990 ] that were oriented (magnetic) northwards. These sites recorded data at a 5 second sampling rate for 3 -4 weeks in the period range of 10-30,000 s. Therefore the total period range at every fourth site was between 0.004 and 30,000 s. Service checks on the long-period sites were performed every 10 days in order to verify the status of data acquisition and to the check for potential problems with the site and the recorded time series.
Data Processing
[22] Modern processing techniques were applied to these data to ensure that the most accurate and realistic MT response curves were produced to the longest period possible for each site. These techniques included inspection of the time series, processing using robust remote referencing codes, based on Jones and Jödicke [1984] , for the LMT data and Jones-based Phoenix codes for the BBMT data, as well as analysis of auroral effects, distortion, and geoelectric strike direction [Groom and Bailey, 1989; Jones and Spratt, 2001; McNeice and Jones, 2001] .
[23] After visual inspection of the time series and removal of large sections of bad or null data, MT response curves were generated for each site along the profile. For the longperiod data, apparent resistivity and phase curves in two perpendicular directions, as well as the vertical field transfer function response estimates, were generated for each site using the multi-remote-reference, robust, cascade decimation code of Jones [Jones and Jödicke, 1984] (method 6 in Jones et al. [1989] ). The BBMT data were processed using remote-referencing Phoenix processing software, which is based on Jones and Jödicke [1984] . The long-period response curves (LMT curves) were then merged with the BBMT curves to obtain apparent resistivity and phase estimates in the period range of 0.004 -30,000 s. Due to the high latitude of the acquired data set, the data were analyzed for distortion effects resulting from the auroral electrojet [Mareschal, 1986] , using the method described in Jones and Spratt [2001] . This analysis showed some improvement (more reasonable curves) at the very long periods for some sites, providing more reliable estimates of the deep structure beneath the profile.
[24] For most of the sites along the profile the data are of good quality to at least 1000 s (examples in Figures 4A -4D ). Unfortunately, due to continual animal disturbances, where LMT data were acquired there was no significant improvement in the long-period responses. For some of the sites the responses were extended out to 2000 -3000 s (e.g., site 001, Figure 4D ), but for others we discarded the LMT responses.
[25] Schmucker's C-function conversion [Schmucker, 1970] was applied to the data from each site to estimate the maximum depth of penetration. This approach is based on 1-D estimation methods, and is also valid when the two 2-D modes, TE and TM, are totally decoupled [Jones, 2006] . More sophisticated approaches, e.g., Solon et al. [2005] , confirmed that this approximation provides reasonable estimates of depth penetration. These depth estimated infer that there is a sufficient penetration (>150 km) at most sites along the profile to model lithospheric mantle features (see red bars in Figure 7 ). Site 008 is an exception where the maximum depth of penetration was calculated to be <4 km. The response curves for this site show the apparent resistivities dropping steeply with increasing period ( Figure 4C ). This indicates the presence of an anomalously conducting body at very shallow depths beneath site 008, which the fields at the lowest frequencies do not penetrate through and are arrested in the conductive anomaly. Although the neighboring site, 007, does indicate the presence of a shallow conductor, the apparent resistivities begin to rise with increasing periods indicating that the fields are able to penetrate beyond the base of the conductor ( Figure 4B ).
Decomposition Analysis
[26] The distortion decomposition code developed by McNeice and was used on the MT response estimates for each of the MT sites along the profile to analyze for galvanic distortions and to determine the most consistent geoelectric strike direction. This 3-D/2-D distortion model assumes that the regional structure is twodimensional but that the electric field data are galvanically distorted by three-dimensional local near-surface features.
[27] The strike azimuth and the average phase difference between the conductive and resistive directions from single site, one-decade bandwidth, decompositions are shown in Figure 5 for period bands between 0.01-1000 s. Most of the sites along the profile show a fairly one-dimensional response, that is where there is little phase difference between the TM and TE modes, with the exception of a group of five sites, 010 to 014 ( Figure 5) , and of site 005 (Table 1) . There is little evidence of period-dependent geoelectric strike variation, which infers there is little depth-dependent strike variation and thus no evidence for crust-mantle decoupling.
[28] Multi-site decompositions, analysis of galvanic distortion parameters twist and shear, and observations of the (RMS) misfit consistently yielded a preferred geoelectric strike azimuth of approximately N32°E that was found to best-fit most of the sites along the profile at most of the frequencies, and this geoelectric strike was adopted for further analysis. The distortion decomposition parameters in this constrained strike angle, and for frequency-constrained galvanic distortion parameters twist and shear, are given in Table 1 . Also listed is the average phase difference at periods shorter and longer than 10 s, and the overall average RMS misfit of the distortion model to the data for all periods, and for periods shorter and longer than 10 s. This period is chosen as it is approximately the period for EM waves sensing the crust-mantle boundary [see, e.g., Wu et al., 2002; Eaton et al., 2004] , so the shorter periods are representative of crustal structures and the longer periods of mantle structures.
[29] The 3-D/2-D galvanic distortion model fits the data well within an acceptable RMS of below 1.00 at almost all sites and for almost all periods (Table 1 ). The main exceptions are for responses in the period band 0.1-1.0 s, where the misfit at some sites is 2.0 to 3.0. However, this can be attributed to the overly optimistic error estimates at those periods derived using the parametric error estimator in Phoenix's codes. Comparisons with non-parametric jackknife error estimators demonstrate that the parametric error estimates are too small, typically by factors of 3 -5, when the number of estimates is high [Chave and Jones, 1997] .
[30] There is strong distortion at many sites, as shown by the large values of shear (physically maximum value of 45°), but at most sites the phase difference between the orthogonal directions is well below 15°, especially for ''crustal'' periods. Certainly the sites at the western end of the profile, 015 to 020, can be treated as 1-D, and, with the exception of sites 010 to 014 and site 005, the crust can be treated as 1-D. The rest of the data are weakly twodimensional.
[31] This strike angle of N32°E is consistent with Proterozoic faulting in the western half of the profile, therefore the TE mode (transverse electric) was designated to run parallel these faults (N32°E), and the TM mode (transverse magnetic) to run perpendicular to the geoelectric strike angle (N58°W). Induction vectors, derived from the vertical and horizontal magnetic fields at the three long-period eastern sites 001, 005, 009 (see Table 2 ), are low in amplitude and display scatter, indicative of predominantly 1-D structure below and likely influenced by residual effects from the non-uniform source fields [see Jones and Spratt, 2001] . The vectors from the western three sites, 013, 017 and 021, are less scattered and are higher in amplitude ( Table 2 ). The reversed real induction arrows at these sites point N30°W to N45°W at the period of maximum amplitude (215 s), supporting this designation for the TE-and TM modes. Figure 5 . The strike angle determined from Groom-Bailey decompositions is shown for each site at three different period bands at increasing depths in the Earth. The color represents the maximum phase difference between the TM and TE modes.
[32] Single-site, frequency-independent decompositions were then performed on each of the MT sites along a strike angle of N32°E in order to derive the most accurate regional 2-D impedances and calculate the frequency-independent twist and shear galvanic distortion parameters. Note that determining the best-fitting 2-D responses in a given coordinate system is not the same as rotating into that coordinate system McNeice and Jones, 2001] . The apparent resistivities and phases were then recalculated and most of the ''static shift'' two-dimensional distortion effects, contained within site anisotropy, removed (see Groom et al. [1993] and McNeice and Jones [2001] for a fuller description of the methodology). The associated misfits for these decompositions indicated that the derived responses, after removal of distortion by decomposition, accurately represent all four components of the calculated ones to within a 1°error margin in phase and equivalent levels in apparent resistivity (3.5%), on average.
[33] This angle of N32°E is consistent with that obtained by Wu et al. [2005] for crustal and upper lithospheric mantle depths for the Wopmay orogen along Corridor 1 (Figure 1) ; N32°E in the upper crust N34°E for the mid-crust to N36°E for the lower crust to N43°E for the upper lithospheric mantle. However, as reported above, there is no evidence of depth-dependent variation in strike, as was observed by Wu et al. [2002 Wu et al. [ , 2005 at sites on the eastern half of Corridors 1 and 1A with a rotation to N62°E at periods penetrating into the lower lithospheric mantle.
Two-Dimensional Modeling
[34] The distortion-corrected, regional 2-D MT responses at N32°E (TE) and N58°W (TM) were imported into Geo- Shear and Twist are descriptors of the strength of galvanic distortion, the average phase differences between orthogonal directions (N32°E and N58°W) at periods shorter and longer than 10 s (approximate period to reach the base of the crust), the average RMS misfit of the distortion model to the data, and the range of strike angles that are an acceptable fit (average RMS < 1.00) for all periods, for those shorter and longer than 10 s (* indicates that no strike angles are found with an average RMS < 1.00). Figure 6 . Graph illustrating the trade off between the RMS misfit of the model to the data and the tau value of the inversion as well as the difference in the apparent RMS value with different error floors applied to the data. The roughness of each model (sum of the lateral and vertical gradients) is given by the numeric value at each data point. The tau value chosen for the final model was 3.
systems's WinGLink interpretation software package that uses Rodi and Mackie's [2001] latest 2-D modeling and inversion algorithm. As is common with many regularized inversion codes, this code searches iteratively for the smoothest model that best fits the data by attempting to trade off the fit to the observed data (data misfit) with the squared Laplacian (smoothing term) of the horizontal and vertical resistivity gradients. The inversion program searches for the smoothest, best-fit model with the least deviation from the starting model, which is usually a half space [Mackie and Madden, 1993] . This means that the models found represent the minimum structure required to fit the data with an acceptable misfit. The misfit is a standard normalized root-mean-square measured by the standard distance between the observed response and derived response normalized by variance and divided by the number of observations. One problem with this global measure of fit is that strong structure in the data, especially local structures that affect only a few sites, can be underfit by overfitting regions where there is little structure, i.e., no penalty to the smoothness measure. We address this problem below with focused inversions, i.e., inversions of local structures using fewer data from fewer sites. When inverting fewer data the responses to local-scale structures have a higher influence on the average misfit value and so are better represented in the models.
[35] Unreliable data points, with large scatter and large errors bars, were removed from the data set prior to Figure 7 . Final two-dimensional model produced from MT data along the Slave-to-Bear profile (see Figure 1) ; the red star marks the approximate location of Gameti. The warm colors represent regions of high conductivity and the colder colors represent resistive regions. The black triangles mark the site locations and the red dashes mark the calculated maximum penetration depth beneath each site (based on Schmucker's depth of penetration). The model used both the TM and TE mode components and reached an RMS value of 2.94 with a phase error floor of 1°. The squares show the sites included in the focused inversions in Figure 8. inversion. The inversion runs were initiated with a homogeneous half space of 100 ohm m with a mesh consisting of 50 rows and 104 columns. The phases were set with a 1°e rror floor, determined from the acceptable misfit values obtained in the distortion analysis. Many different models were generated using various combinations of modes and parameters in order to observe the effects of these changes on the model structure and to derive the most robust final model with an appropriate misfit value. The parameters that were varied, using combinations of TM mode, TE mode, and vertical transfer functions, included: tau (the smoothing operator), inverting for static shift, the regularization order, the smoothing parameters alpha and beta that trade-off vertical against horizontal gradient weighting, and the weighting of the regularization order.
[36] Figure 6 illustrates the trade-off between the roughness of the model, defined in terms of the tau parameter, and the fit of the data, equivalent to the so-called ''L-curve'' [Hansen, 1992; Booker et al., 2004; Farquharson and Oldenburg, 2004] , as well as the effects on the apparent misfit value when the data error floor is raised or lowered. We choose to plot misfit against tau rather than roughness itself (given by the numbers by each data point) as we have direct control on tau when undertaking the inversions. However, as can be seen in the figure, the two are almost interchangeable.
[37] The regional model chosen to most accurately represent the responses was selected by considering the features that appeared consistently between the different models, and by choosing the smoothest model with the lowest misfit. This final model, obtained after over one hundred iterations on multiple runs from inverting simultaneously both the TE-and TM mode data in the 7-decade period range 0.001 -10,000 s, is shown in Figure 7 and has an overall RMS (root mean squared) misfit of 2.9 with error floors set at 1°for phase and 7% for apparent resistivity. The model was obtained with inversion parameters of t set to 3, a and b set to 1 and the static shift option selected. The misfit of the data to the model was evaluated by plotting the RMS for each mode (TM and TE) at each site to determine whether or not the data at any particular site were fit poorly (Figure 8 ). The RMS for the TE mode for sites 006 and 008 are the only values above 4, and several iterations were run for the model excluding these data. The main conductivity structures in the model did not change from those shown in Figure 7 , but the overall RMS reduced to 2.7.
[38] In order to refine the conductivity structure at crustal depths, additional models where derived using higher frequencies for selected sites along the MT profile (Figure 9 ). The modeling parameters and techniques applied were similar to those used to produce the whole profile model described above. These inversions, which focused on fitting fewer data from fewer sites using a smaller model with a finer mesh, resulted in an RMS value of 2.6 for the western end of the profile, the region beneath the Phanerozoic platform sedimentary rocks ( Figure 9A ), an RMS of 2.4 for the region crossing the Wopmay fault zone ( Figure 9B) , and an RMS of 2.5 for the exposed Slave craton, the eastern end of the profile ( Figure 9C ). The three focused models reveal much more detail in the conductivity structure at crustal depths beneath the profile. It should be noted that these models illustrate the minimum structure required to fit the data, and that definition of the shallow upper crustal structures is limited by the 20 km station spacing.
Interpretations and Discussion
Strike Direction
[39] Generally, the region exhibits low dimensionality, and is one-dimensional or weakly two-dimensional at most sites. The geoelectric strike direction is reasonably uniform in both horizontal direction and with period (proxy for depth) ( Figure 5) , with a best-fit average strike of N32°E. This value is consistent with that observed by Wu et al. [2005] for the crust and upper lithospheric mantle at sites on the eastern part of Corridor 1 that crosses the Hottah terrane and Great Bear magmatic zone, but differs significantly from their strike for the lower lithosphere of their region of N62°E. For the Great Slave Lake shear zone (Figure 1 , GSLsz), a lithospheric geoelectric strike of $N65°E [Wu et al., 2002; Eaton et al., 2004] was observed, which is 20°o blique to the absolute plate motion (APM) direction of the region of N135°W (determined using model HS3-NUVEL-1A of Gripp and Gordon [2002] with K. Okino's calculator at ofgs.ori.u-tokyo.ac.jp/$okino/platecalc_new.html).
[40] This lack of evidence of a strike with either a GSLsz orientation of $N65°E or with an APM direction of $N45°E in our study region we take as evidence that the crust and lithospheric mantle responded coherently during Paleoproterozoic deformation, and that the fabric introduced has not been reset by subsequent processes, including present day plate motions.
[41] We note that our geoelectric strike direction of N32°E is oblique to the preliminary SKS results for PO-LARIS seismic sites GALN and CTLN (Figure 2 ) reported in Snyder and Bruneton [2007] . Those authors reported parameters from both best-fitting single layer and two layer models to the data, with GALN giving a single layer direction of N19°E and two-layers of N55°E on top of N18°E and CTLN giving N50°E for a single layer and N85°E on top of N0°E for two-layers. None of these directions are within experimental error of N32°E, thus we can exclude anisotropy caused by preferential alignment of olivine as an explanation of the observed geoelectric strike.
Crust-Mantle Depth
[42] Figure 10 illustrates various large-scale features that are consistent among the various models generated. The deep structure revealed includes the crust-mantle transition and the depth extent of cratonic roots. The yellow line most likely represents the electric crust-mantle boundary, separating the resistive cratonic crustal granitoids above from the more conductive underlying lithospheric mantle. Note that typically the crust-mantle transition cannot be imaged by magnetotellurics because of the shielding effect of lower crustal conducting layers. Where the lower crust is resistive however, such as on the Slave craton , the Rae Craton and the East Indian Craton [Bhattacharya and Shalivahan, 2002] , this boundary can be defined electrically. The model shows that a crustal thickness of 32-35 km remains fairly constant beneath both the Slave craton and within the Wopmay orogen beneath the Great Bear magmatic zone. This is consistent with interpretations of the LITHOPROBE refraction/wide-angle reflection survey across these terranes further south along Corridor 1 [Fernández-Viejo and Clowes, 2003 ].
Wopmay Mantle
[43] The dashed white lines in Figure 10 illustrate major lateral changes of electrical resistivity within the upper mantle. The base of the lithosphere appears to begin at $210 km at the eastern most part of the profile and shallows to $150 km beneath the western edge of the Slave craton. This value of 210 km is consistent with that observed in the center of the Slave craton, both geophysically and petrologically (see above). At depths of $100 km there is a distinct decrease in the overall apparent resistivity ($2500 ohm m) within the lithosphere directly beneath the surface-mapped boundary between the Great Bear magmatic zone and the Phanerozoic platform compared to the neighboring resistive mantle (>50,000 ohm m). This may mark the western edge of the resistive cratonic root beneath the Slave Province. West of the Great Bear magmatic zone the lithosphere again becomes more resistive, and appears to thicken toward the western edge of the profile. Although there is no data coverage west of our profile, this apparent thickening in the western part would not be observed if the lithosphere significantly thinned further to the west.
[44] Wu et al.
[2005] observed a region of enhanced conductivity (<10 ohm m) at similar depths beneath the Hottah terrane in the Lithoprobe profile near the southern margin of the Slave craton. They interpret this region of high conductivity to be carbon or sulfides that were introduced into the mantle as sediments in a subduction setting during the collision and accretion of the Hottah terrane to the western margin of the Slave craton. There is a difference of nearly an order of magnitude in the conductivity values of this mantle conductor between Wu et al. 's [2005] results and those observed along our northern profile, indicating that there is significant variation in the along-strike mantle conductivity structure. This would suggest, as seen within the Trans-Hudson orogen , that the presence of interconnected carbon and/or sulfides is not continuous along the orogen, and carbon is not taken to explain the mildly enhanced conductivity along our central profile.
[45] Laboratory studies indicate that the electrical resistivity of olivine at the expected pressure-temperature conditions for these depths should be >100,000 ohm m [Constable and Duba, 1990; Constable, 2006] . The two pyroxenes bracket olivine in their temperature-resistivity relationships [Xu et al., 2000] , and mixing relations of the two pyroxenes and olivine to yield mantle compositions yield values close to olivine on its own .
[46] The variations shown in this profile range from >50,000 ohm m beneath the cratons, consistent with laboratory studies on dry mantle minerals, to $2500 ohm m between the cratons, a change of just over an order of magnitude. Enhanced conductivity in the lithospheric mantle has been attributed to fluids or melt [Glover et al., 2000] , grain boundary carbon films [Duba and Shankland, 1982] or carbon on fractures [Mareschal et al., 1995; Roberts et al., 1999] , interconnected sulfides [Ducea and Park, 2000] , hydrous minerals [Boerner et al., 1999] , and hydrogen diffusion [Karato, 1990; Hirth et al., 2000] , but small amounts of these typically invoke changes in conductivity of several orders of magnitude [Jones, 1999; .
[47] None of these explanations is without serious objection for the lithospheric mantle beneath the Wopmay orogen. On the basis of critical dihedral angle arguments, water-based fluids will not be connected until the pressure is in excess of 2 GPa, i.e., about 60 km depth [Mibe et al., 1998 ], whereas we observe enhanced conductivity directly below the Moho to about 80 km depth. Also, fluids will not stay resident in the lithosphere since Precambrian times. Partial melts in an elevated lithosphere-asthenosphere boundary can be excluded as there is no other supporting evidence for this, including the only heat flow value on the Wopmay orogen at the Muskox intrusion exhibiting only a mildly increased value of 54 mW m À2 [Beck and Sass, 1966] compared to the Slave cratonic average of 46 mW m À2 [Mareschal et al., 2004] . (Even though this difference is small, it is consistent with petrological analyses of Slave craton mantle xenoliths that show the Slave craton to be cooler than other Archean cratons [Kopylova et al., 1999] .) Carbon will be conductive in the upper lithosphere, but below the graphite-diamond stability field (~150 km depth) it will be in the form of highly resistive diamond. Sulfides are possible; Alard et al. [2000] show evidence that sulfide is mobile in the lithosphere and can concentrate upward to crystallize and concentrate at shallow depths. Enclosed sulfides will not enhance conductivity, but interstitial sulfides precipitated from metasomatic fluids may form a connected electrical pathway. There is no supporting evidence for this conjecture, however Pearson et al. [1999] note that the mantle of the Slave craton is far less metasomatized than that of the Kaapvaal craton, for which the sulfide data exist. The presence of hydrous minerals, such as phlogopite [Boerner et al., 1999] is highly unlikely to enhance conductivity, as they are not interconnected when in xenolith samples. This is also excluded on the basis of lack of evidence of metasomatism, as is hydrogen diffusion [Karato, 1990] on the same grounds. Ironically, the most metasomatized lithosphere in the whole of Canada exists beneath the Figure 10 . Interpretations of the conductivity structure revealed in the two-dimensional model shown in Figure 6 . The red star marks the approximate location of Gameti. The yellow line marks the crust mantle boundary and the white dashed lines indicate the cratonic roots beneath both the Slave and the Bear provinces.
Rae-Hearne contact in the Western Churchill Province, and there the lithospheric mantle is highly resistive .
[48] As an alternative and viable explanation, recently Ten Grotenhuis et al. [2004] showed, for micrometer-sized samples, that there is an inverse relationship between the electrical conductivity of mantle olivine and its grain size, where a significant increase in grain size is extrapolated to lower the conductivity by up to 2 orders of magnitude. They suggest that a decrease in grain size to a minimum of 1 cm has no effect on the electrical conductivity. Where there is a stable mantle grain size of >1 cm, as predicted for stable mantle olivine at these depths based on mantle xenolith observations [see references in Hirth and Kohlstedt, 2003] , there would have to be a reduction in grain size to 100 micrometers to obtain the values observed beneath the Wopmay orogen, indicating the presence of a mantle shear zone at depths of 70-80 km in this region.
[49] The presence of an east-dipping mantle shear zone is supported by seismic reflection data that imaged reflectivity to about 82 km in the mantle in the vicinity of the HottahSlave transition. Cook et al. [1999] suggested that was evidence for polarity reversal of the subduction zone created by the accreting Hottah terrane, although the 2-D MT model (Figure 7) does not indicate reduce resistivity dipping beneath the Slave craton. Evidence for a mantle shear zone at this location indicates a modification of the mantle to accommodate subduction during the collision and accretion of the Hottah terrane to the western margin of the Slave craton.
Slave Upper Mantle
[50] Similar to tectonic models of the Snowbird Tectonic Zone , the deep resistivity model shows that the western edge of the resistive upper mantle root beneath the Slave craton is not located directly beneath the Wopmay fault zone, but lies further to the west beneath the Great Bear magmatic zone (Figure 10 ). This suggests that the resistive Slave upper mantle has been underthrust westward beneath the Wopmay crust by more than 50 km, indicating decoupling between the crust and the upper mantle at the Moho. These results are consistent with the cross-section illustrated by Cook et al. [1999] , but the offset is shown to be approximately 100 km (Figure 3 ). This suggests again along strike variations in the mantle structure beneath this region.
[51] There is no indication of an anomalous low-resistivity zone (<100 ohm m) in the mantle beneath any part of this profile, suggesting that the Central Slave Mantle Conductor is not located beneath the region and that its western margin lies further to the east. The presence of a mantle conductor beneath the Slave craton has been linked to the presence of diamondiferous kimberlites [Jones and Craven, 2004] . The absence of a mantle conductor in the study area could have implications for the diamond potential of the area; however, no upper mantle conductor has been detected beneath the diamond producing Kaapvaal craton in South Africa. Mapping the extent of the Central Slave mantle conductor may have important implications on diamond exploration in northern Canada and may help to further compare the Slave and other Archean cratons.
Crust and Upper Mantle Structure of the Wopmay Orogen
[52] In the western third of the profile ( Figure 9A ), west of the Wopmay fault zone, there is a moderately conductive ($100 ohm m) thin layer near the surface, beginning near site 015 and thickening slightly to depths of 1 -2 km beneath the western-most site. This most likely represents the Phanerozoic sedimentary platform that covers much of the region (Figures 1 and 2) .
[53] Beneath this layer the conductivity of the crust of the Bear Province is relatively featureless with resistivities >10,000 ohm m to depths of 30-32 km. Wu et al. [2005] show a major conductor at mid-crustal depths at the boundary between the Hottah terrane and the neighboring Fort Simpson terrane. The lack of a conductor in these focused models indicates that either there are significant changes in the conductivity structure from south to north or, more likely, that the northern MT profile does not extend beyond the Paleozoic rocks of the Wopmay orogen into the Fort Simpson terrane.
[54] The upper mantle beneath this region is shown to be moderately resistive (100 -1000 ohm m), at depths of 35-60 km, compared to that further to the east (Figure 11 ), but not as conductive as the Central Slave mantle conductor (10 -30 ohm m), nor as conductive as the feature found in the Hottah mantle beneath Corridor 1 [Wu et al., 2005] , also around 10-30 ohm m. This is an indication that beneath the Hottah terrane the origin of the mantle material, or processes involved in its formation and evolution as preserved now, are different to those that generated the mantle beneath the east-central part of the Slave Province.
[55] In the regional two-dimensional model of the entire data set (Figure 7) , the area beneath the Great Bear magmatic zone of the Wopmay orogen appears to have a general increased conductivity in the mid-to-lower crust. However the focused inversion of this region shows significantly more structure ( Figure 9B ) because of the requirement in these focused inversions to fit local-scale structures. In general, at crustal depths in the vicinity of the Wopmay fault zone there appears to be a change from very uniform resistive (>10,000 ohm m) material to the east to a less resistive ($2000 ohm m), structurally complex region to the west. This is interpreted to be the boundary between the Slave crust and the rocks of the Wopmay orogen (Figure 11 ).
[56] Directly beneath the surficial trace of the Wopmay fault zone there is a near-vertical, slightly less resistive anomaly of $5000 ohm m within an extremely resistive upper crust at $100,000 ohm m (Figure 11 ). Fluids and/ or mineralization are often used to interpret zones of enhanced conductivity within fault planes Wannamaker et al., 2002; Ritter et al., 2005] . Fluids are an unlikely source for the feature here because it is not probable for fluids to remain trapped in a stable area for long periods of time. Additionally, the presence of interconnected saline fluids, even a small amount, typically increases the conductivity values by several orders of magnitude [Nesbitt, 1993; Partzsch et al., 2000] greater than the increase seen under the Wopmay fault zone. The less resistive structure beneath the fault zone is still within the range for typical crustal materials, and most probably represents a structural alignment of grains or metallic mineralization along the fault plane. However, the presence of interconnected sulfides or graphite would typically increase the conductivity value by several orders of magnitude. Structural alignment and reduced grains size in the area is confirmed by bedrock mapping, as mylonites are commonly encountered along this zone [Jackson, 2006] .
[57] The Wopmay fault zone has been interpreted to be a major crustal-scale feature and has been suggested to represent the suture between the Archean Slave craton and the cryptic Aphebian Hottah microcontinent [Bowring and Podosek, 1989] , where the fault extends to the crust-mantle boundary [Bleeker, 2003] . In contrast to these concepts, the feature illustrated in the MT model only extends to a depth of 20 km (Figure 11 ), inferring that the Wopmay fault zone does not penetrate through the entire crust. This supports results from the seismic reflection profile across the southern margin of the Slave craton, which indicates that if faults associated with the Wopmay fault zone are present at the survey location, either they do not penetrate to depths greater than 15 km, or they flatten out listrically into west dipping layers [Cook et al., 1999] . These westward-dipping layers mark the upper boundary of the intra-crustal cratonic wedge of the Slave craton. Unfortunately, the profile orientation and proximity of the Great Slave Lake shear zone of the Lithoprobe MT data in the vicinity of the southern extent of the Wopmay fault zone prevents an accurate image of its conductivity structure, and along strike comparisons cannot be assessed.
Crustal Structure of the Slave Craton
[58] The focused inversion of the data from within the Slave Province, the eastern-most sites along the profile, reveals two significant conductivity anomalies: the first is a shallow structure beneath site 008, and the second is an eastward-dipping structure extending from the surface just west of site 006 ( Figure 9C ). The shallow conductive body ($10 ohm m) beneath site 008 occurs at a depth of <2 km and appears to lie on the mapped boundary between a sequence of low-grade metasediments and felsic-volcanic rocks (Figure 2 ). Although sedimentary rocks are often highly conductive compared to granites and show up well in MT models, the metasedimentary unit here is widespread, whereas this conductive anomaly appears to be localized in extent and is not seen on adjacent sites. Along with a slight aeromagnetic anomaly [Dods et al., 1989] , sulfide-bearing gossans have been observed along this geological contact [Jackson, 2006] and a localized body of interconnected sulfides is the most likely cause for the conductivity anomaly.
[59] The second conductivity anomaly is eastward-dipping and extends from the surface to at least 30 km depth within the crust ( Figure 9C ), with most conductive material above 10 km. The location of the surface expression of the eastern edge of this conductive zone, located between sites 006 and 007, spatially correlates closely with that of the West-Bay-Indin fault zone (Figures 2 and 11 ). The focused 2-D model for this feature is similar to that produced from MT data across the Yellowknife River fault zone [Jones and Garcia, 2006] and is consistent with the interpretation that these are large, crustal-scale faults. The weakly enhanced conductivity in the Yellowknife River fault zone was attributed to sulfide mineralization within the fault plane on the basis of laboratory physical property studies on rocks from the area [Katsube et al., 2006] . Similar mineralization processes may responsible for the enhanced conductivity in the West-Bay-Indin fault zone and/or parallel neighboring fault systems.
[60] Additionally, in comparison to the rest of the profile and to other MT models of the Slave craton Jones et al., , 2003 ], the focused model beneath the western Slave (Figure 11 ) indicates a moderately resistive lower crust ($500 ohm m) beneath a very resistive mid-crust (>10,000 ohm m). This elevated conductivity, like that beneath the Wopmay fault zone, is typical for resistivity values of crustal material, but creates a Figure 11 . Interpretations of the conductivity structure revealed in the three separate focused inversions shown in Figure 9 . The yellow line marks the crust mantle boundary, the red line indicates the depth extent of the Phanerozoic platform, and the black line illustrates the boundary between rocks of the Slave Province to the east and those of the Wopmay orogen to the west.
shadowing effect whereby the crust-mantle boundary cannot be well defined. The change in conductivity with depth in the crust may represent a mafic lower crust beneath the crystalline plutonic rocks within the Slave craton.
Conclusions
[61] A magnetotelluric experiment was performed across the boundary between the western Slave craton and the Bear Province in the Northwest Territories, Canada, and the data provide information about the resistivity structure of the crust and lithospheric mantle beneath the profile. Strike analysis and distortion decomposition on these data indicated that most of the data along the profile are twodimensional and fit a regional geoelectric strike angle of N32°E. This angle is consistent with that obtained further to the south along the Lithoprobe profile at crustal depths and is likely to be controlled by transcurrent faults observed throughout the region. The two-dimensional models generated, with responses estimated in that coordinate system, show both regional-scale features correlating with major tectonic events and small-scale features that can be attributed to local geologic structure.
[62] The two-dimensional model of the MT data shows the crust-mantle boundary to exist at approximately 32-35 km beneath the profile and indicates conductivity variations in the lithospheric mantle. Resistive zones are seen beneath the Slave craton and beneath the Hottah terrane, and these zones are separated by a less resistive region. There are few plausible candidates to explain enhanced conductivity in the lithospheric mantle of Precambrian regions, and none without serious objection. Although somewhat speculative, the increase in conductivity at 60-80 km depths in the mantle beneath the Great Bear magmatic zone we conjecture to represent a decrease in the grain size of olivine in the Wopmay mantle compared to its neighboring cratonic roots. The presence of a mantle shear zone related to ancient subduction would have an important influence of the deformation history and geodynamic modeling of the region.
[63] At shallower depths, the crustal-scale two-dimensional focused models reveal more structure than the whole profile model. In general, there appears to be a change, from very uniform resistive material to the east to a less resistive, structurally complex region to the west. This is interpreted to represent the boundary between the Slave crust and the rocks of the Wopmay orogen and suggests that the eastern extent of the crustal Slave cratonic root crosses the Wopmay fault zone. The focused model indicates that the Wopmay fault zone does not extend into the deep lower crust, but may develop into westward dipping layers that mark the top of an intracrustal cratonic wedge. Further to the east, an eastwarddipping conductor is interpreted as sulfide mineralization within the West-Bay-Indin fault zone that does appear to extend to the base of the crust through the Slave craton. Additionally, a shallow conductive body beneath site 008 occurs at a depth of <2 km, that lies on the mapped boundary between a sequence of low-grade metasediments and felsicvolcanic rocks, and is interpreted to represent a region of localized interconnected sulfides.
